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Abstract 
Rare earth activated YTaO4 based phosphors are perspective materials for optoelectronics. The paper presents some 
physical and chemical aspects related to the influence of the host lattice composition and crystalline order on the 
luminescence of rare earth ions. In this respect, Eu -activated Y(Ta, Nb)O4 powders have been prepared by solid state 
reaction, from homogeneous mixtures consisting of oxide precursors and flux.  Photoluminescence (PL) spectroscopy, 
X-ray diffraction, FTIR spectroscopy and SEM have been used to investigate the structural and luminescent properties 
of Y(Ta,Nb)O4: Eu phosphors.  Attempts has been made at establishing a correlation between the morphostructural 
parameters of the host lattice containing variable niobium amount and the PL properties. The interaction between the 
tantalate-niobate matrix and the Eu-emission centres is considered in correlation with the PL characteristics.  
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1. ITRODUCTIO 
Rare earth activated yttrium tantalate-niobate Y(Ta,Nb)O4 powders are of great interest from both scientific and 
application points of view.  Self-activated Y(Ta,Nb)O4 is an efficient blue-emitting material used in X-ray medical 
imaging [1,2]. Its luminescent emission could be shifted toward longer wavelengths when rare earth ions are used to 
replace the yttrium ions. In these phosphors, both the host-lattice and the rare earth centres contributes to the overall 
luminescence [3]. In the last years, many works have been devoted to the investigation of rare earth activated yttrium 
tantalate [4-6]. To the best of our knowledge, no systematic investigation about the influence of the yttrium tantalate-
niobate matrix on both the luminescent and structural properties of Eu-doped phosphors has been  performed so far.   
The present study continues our work  related to the synthesis and properties of  YTaO4-based phosphors with or 
without rare earth doping ions[7-9]. The paper goal is to elucidate some physical and chemical aspects related with the 
formation and properties of  Eu- activated Y(Ta,Nb)O4 phosphors. The correlation between the PL performances and 
the powder morphological and structural characteristics is attempted in order to evaluate the transfer and transport of 
energy through the YTa1-xNbxO4 lattice. The interaction between the tantalate-niobate matrix and the Eu-emission 
centres is taken into consideration. 
2. EXPERIMETAL PART 
Sample preparation was performed by ceramic method. Stoichiometric mixtures of Y2O3(99.99% SIGMA-
ALDRICH),  Ta2O5(OPTIPUR Merck) and  Nb2O5 (OPTIPUR Merck) as host lattice generator, Eu2O3 (99.99% 
SIGMA-ALDRICH) as activator source (activated with 5 mol% ) and Na2SO4 or Li2SO4 as flux were ball-milled with 
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 acetone. After drying and   firing at  12000C for 4 hrs, the powders were water-washed, dried and sieved.  
Samples characterization was performed by photoluminescence measurements (JASCO FP-6500 
Spectrofluorimeter Wavel; Glass filter WG 320; commercial phosphors as calibration standard),  X-ray diffraction 
(D8Advanced Brucker Diffractometer, CuKα radiation; Ni filtered), FTIR spectroscopy (JASCO 610 Spectrometer; 
KBr pellets) and scanning electron microscopy (JEOL –JSM 5510LV Microscope; Au coated samples). 
Photoluminescence  performances were compared to Y2O3:Eu (KEMIRA) for  Eu-doped powders. XRD quantitative 
phase analysis was performed using  the PowderCell program for Windows. The crystalline phases were retrieved after 
a peak search semi-automatic routine using the data base PDF-2 [http://www.icsdweb.FIZ-Karlsruhe.de.].  
 
3. RESULTS AD DISCUSSIO 
Two samples series were prepared by solid state reaction namely YTaO4, YTa0.85Nb0.15O4 and YNbO4 phosphors 
with Na2SO4 as flux, and YTa1-xNbxO4 phosphors with Li2SiO4 as flux (where x=0.05 – 1).  Flux allows the control of 
particle size and assists the formation of the yttrium tantalate-based phosphors.  During the thermal synthesis stage, the 
lithium/sulphate flux reacts with the oxide mixture and produces intermediate compounds that are more reactive than 
the starting oxides. Formation of  YTaO4 based phosphors takes place by the isovalent substitution of tantalum and 
yttrium with niobium and europium, respectively. 
(1-x) Y2O3 + x Eu2O3 + (1-y) Ta2O5 + y Nb2O5
⎯⎯⎯⎯ →⎯ 4242 / SOLiSOa 2 Y1-xEuxTa1-yNbyO4 
The influence of the host lattice composition and flux on photoluminescence properties and morphological and 
structural characteristics was investigated.  
3.1. Photoluminescence properties 
The UV-blue luminescence of tantalate-type phosphors is due to a charge transfer transition into the TaO4 and/or 
NbO4 group.  Under UV excitation, YTaO4 with no activator shows weak luminescence at about 330-350 nm [1,2]. 
When tantalum ions are substituted by niobium, the sensitivity of the host lattice to UV excitation increases and the 
luminescence becomes significant in the blue spectral region. When Eu3+ is used to partially replace the yttrium ions 
into the host crystalline lattice, the luminescence is shifted toward longer wavelengths.  The Eu- centers are responsible 
for the characteristic red luminescence, associated with the specific electronic transitions 5Do→ 7FJ. The excitation takes 
place essentially by charge transfer from O2- to Eu3+ and to a less extent by direct excitation of Eu3+ species. The 
photoluminescence emission spectrum (PL) shows the characteristic Eu-red band centered at ~613 nm. The 
photoluminescence excitation spectrum (PLE) monitored for 613 nm emission contains the characteristic charge-
transfer band located at about 256 nm beside the less intense excitation bands associated with 7F0-5DJ transitions (Fig.1.) 
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Fig.1. PLE (left) and PL (right) spectra of YTa0.85Nb0.15O4: Eu (Li2SO4 ) sample   
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Moreover, UV excitation of Eu-ions is efficient when they are incorporated into a well organized crystalline lattice 
(Fig.2.). The energy transfer from the host-lattice to activator is very efficient when the thermal synthesis is performed 
with Li2SO4 as flux, as illustrated by the higher (~20%) intensity values. This is in agreement with our previous works 
that shows that Li2SO4 is a more efficient mineralising agent than  the corresponding sodium salt [9].  
Composition of the host lattice influences the ratio between the different Eu-emission bands (Fig.3).  In the blue 
domain, the weak Eu-bands correlated with the higher level emission 5DJ→7F (J>0)  are superimposed over the broad 
emission band of the host-lattice. In this spectral domain, there is a competition between the lattice and Eu-centres and 
the contribution of the matrix to the overall luminescence is important especially for samples containing around 30 
mol% Nb. In the middle of the YTaO4-YNbO4 series, the energy migration through the lattice seems to be disturbed by 
the disordered matrix. The most important lattice effect is observed in the orange-red spectral domain, particularly for 
the specific Eu- bands associated with 5Do→ 7F1 or 5Do→ 7F2 transitions (Fig. 3). This is the reason why, under UV 
exposure,  the PL-colour of Eu-doped samples is so different along this series, varying from yellow-to-orange-to-pink.  
The dependence of the relative intensity of the PL main bands in Y(TaNb)O4:Eu sample series is illustrated in 
Fig.4.  Alongside the Y(TaNb)O4:Eu sample series, the ratio between 593 and 596 nm bands as well as between 623 
and 628nm is sudently changing at about 25 mol% Nb. The intensity of the characteristic Eu-band at 613 nm increases 
with the niobium concentration thus illustrating a more efficient energy transfer from NbO4 groups. Moreover, the 
change of the ratio between the emission bands corresponding to 5Do→ 7F1 magnetic-dipole transition and 5Do→ 7F2 
electric-dipole transition illustrates the decrease of the symmetry of the Eu3+ surrounding, in paralell with the increasing 
of the niobium content, probable related with the crystalline phase composition[5]. 
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Fig.2. Emission spectra of some YTa1-xNbxO4 phosphor prepared with a) Na2SO4 and b) Li2SO4 as flux 
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Fig. 3.  Blue (left) and red-orange domain (right) of  the PL spectra of some YTa1-xNbxO4:Eu (Li2SO4) samples 
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Fig.4. Relative intensity of  Eu-bands versus Nb amount  
 
3.2. Crystalline structure  
XRD patterns support the idea that Li2SO4 is more efficient as flux as the corresponding sodium salt.  YTaO4 
(Na2SO4) phosphor is a multiple-phase materials containing monoclinic M’- type crystals and orthorhombic O-type 
Y3TaO7 phase whereas YTaO4 (Li2SO4) is a single-M’phase powder (Fig.4.). As for the YNbO4 samples, they are 
single-phase with monoclinic M- type crystalline structure; the lithium salt improves the powders crystallinity. 
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Fig.5.  X-ray patterns of  some YTaO4 samples  
(JCPDS 24-1425 M’-YTaO4; 048-0265 o-Y3TaO7) 
It is well known that YTaO4 crystallise in two monoclinic polymorphs M and M’ that differ from each other by the 
cell unit dimensions  while YNbO4 adopts only the monoclinic M type. XRD analysis show that almost all phosphors 
from YTaO4-YNbO4 system are M  and M’ polyphasic powders. Actually, only small amounts of niobate (<15%) are 
accomodated into the M’- YNbO4 matrix and vice-versa. According to the XRD quantitative phase analysis, the M- 
YNbO4 phase is well observed in YTa0.85Nb0.15O4 powder (14.6 vol%) and becomes predominant in YTa0.60Nb0.40O4 
powder (55.8 vol%).  The phosphor heterogeneity disturbs the energy transfer and migration through the matrix and acts 
on the PL performances.  
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FTIR spectra confirm that the crystalline arrangement of YTa1-x,NbxO4 samples is different. The complexity of the 
FTIR patterns is associated with the atomic arrangement formed from more or less distorted TaO6 units, which build the 
YTaO4 monoclinic modifications.  In M’-type structure, tantalum atoms are in distorted octahedron coordination (six 
Ta-O bonds) whereas in monoclinic M-type YTaO4 or YNbO4, tantalum/niobium atoms are in tetrahedral coordination 
(four Ta-O or Nb-O bonds)[6].  
The shape of FTIR spectra in the domain of MO4 group vibrations illustrates the change of the number of metal-
oxygen bonds with the increase of Nb-concentration, in paralell with the structural conversion from M’-YTaO4 to M-
YNbO4 (Fig.6). The change of the spectra feature is well observed for sample YTa0.60Nb0.40O4 phosphor that contains    
~56 vol % M-YNbO4 phase and ~ 44 vol % M’-YTaO4 phase.  
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Fig. 6.  FTIR spectra of  YTa1-xNbxO4 (Li2SO4) samples
3.3. Morphology and particle size  
The mineralising agent influences the particle dimensions and morphology, as expected (Fig.7). SEM images 
sustain the assertion that Li2SO4 is a more effective mineralising agent than Na2SO4. In this case, PL performances are 
improved by the large and relatively regular shape particles. It is worth noting the mineralizing effect of Nb2O5, 
illustrated by the more dense powders formed from round –shaped particles. In reaction with yttrium oxide, Nb2O5 
(m.p.1380oC) shows a higher reactivity than Ta2O5(m.p.18720C).     
   
   
Fig. 7. SEM images of YTaO4 (IF2), YTaNbO4(IF6), YNbO4(IF10) phosphors prepared with Na2SO4 (up) and YTaO4 
(IF42), YTaNbO4(IF30), YNbO4(IF45) phosphors obtained with Li2SO4(down) 
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 4. COCLUSIOS 
Europium activated yttrium tantalate based phosphors were prepared by solid state reaction. The composition and 
the crystalline order degree of the host lattice containing variable amounts of niobium influence the energy transfer and 
migration through the matrix and consequently, the PL performances. The efficiency of lithium sulphate as flux for 
europium activated phosphors in the YTaO4- YNbO4 system is illustrated.  Due to the variable chromaticity and intense 
luminescence, Eu- activated yttrium tantalate-type phosphors are promising materials for optoelectronics. Further 
experiments are to be done in order to investigate the YTa1-xNbxO4 system with terbium as activating ion.  
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